In this paper, a steady, inviscid compressible flow past a Joukowski aerofoil has been calculated using direct boundary element method (DBEM) with constant boundary elements the velocity distribution for the flow over the surface of the Joukowski aerofoil which have been compared with the analytical results.
Introduction
In recent past, the well-known computational methods such as finite difference method (FDM), finite element method (FEM), and boundary element method (BEM) etc have been applied for the flow field calculations around bodies. Out of these methods, BEM is a modern numerical technique in which only the boundary of the body under consideration is discretized in to different type of elements. BEM is well-suited to problems where domain is exterior to the boundary, as in the case of flow past bodies. The most important features of BEM is the much smaller system of equations and considerable reduction in data, which are essential to run a computer program efficiently. That is why; BEM is more accurate, efficient and economical than other domain methods. The BEM can be classified into two categories i.e. direct and indirect. (see Brebbia and Walker, 1978 & 1980 , Ramsey, 1942 , Milne-Thomson, 1968 , & Kellogge, 1929 . The direct and indirect methods have been used in the past for flow field calculations around bodies (Morino 1975 , Hess & Smith, 1967 , Kohr, 2000 , Luminita, 2008 Mushtaq, 2008 Mushtaq, , 2011& 2012 . Most of the work on fluid flow calculations using boundary element methods has been done in the field of incompressible flow. Very few attempts have been made on flow field calculations using boundary element methods in the field of compressible flow. In this paper, the DBEM has been used for the solution of inviscid compressible flow around a Joukowski aerofoil.
Mathematical Formulation of Steady and Inviscid Compressible Flow
We know that equation of motion for twodimensional, steady, irrotational, and isentropic flow , 2011 , Shah, 2011 ) is
where Ma is the Mach number and  is the total velocity potential of the flow. Here X and Y are the space coordinates. Using the dimensionless variables, x = X , y =  Y, where
which is Laplace's equation.
Steady and Inviscid Compressible Flow Past a Joukowski Aerofoil
Consider the flow past a Joukowski aerofoil and let the onset flow be the uniform stream with velocity U in the positive direction of the x -axis as shown in figure (1) . 
Exact Velocity
The magnitude of the exact velocity distribution over the boundary of a Joukowski aerofoil is given by [Chow, 1979; Mushtaq, 2011 http://www.lifesciencesite.com lifesciencej@gmail.com
where r = radius of the cylinder, a = Joukowski transformation constant z = x + i y,
In Cartesian coordinates the exact velocity becomes 
Boundary Conditions
Now the condition to be satisfied on the boundary of a Joukowski aerofoil is
where  is the total velocity potential. Now the total velocity potential  is the sum of the perturbation velocity potential  j . a where the subscript j . a stands for Joukowski aerofoil and the velocity potential of the uniform stream  u . s . (Mushtaq, , 2011 . i.e.  =  u . s +  j . a (4) or
From equations (3) and (5) , we get 
Thus from equations (6) and (8), we get
Now from the figure ( From equations (9) and (10) , we get (11) is the boundary condition which must be satisfied over the boundary of a Joukowski aerofoil.
Equation of Direct Boundary Element Method
The equation of DBEM for two-dimensional flow [see Mushtaq, 2008 Mushtaq, , 2011 is :
where c i = 0 when i is exterior to  = 1 when i is interior to  = 1 2 when i lies on  and  is smooth.
Matrix Formulation with Constant Element Approach
The equation (12) for the DBEM can be written in the discretized form as -c
The integrals in equation (13) on the elements can be calculated numerically except the element on which the fixed point 'i' is located. For this element the integrals are calculated analytically. Denoting the integrals on the L.H.S. of equation (13) by Ĥ i j and that on the R.H.S. by G ij , then where
and
For the case of that element on which the fixed point 'i' is lying, these integrals have been calculated [ see Mushtaq, 2008 Mushtaq, ,2011 . Thus equation (13) can be written as 
Since    n is specified at each node of the element, the values of the perturbation velocity potential  are found at each node on the boundary via equation (17) . The total potential  is then found from equation (4) which will then be used to calculate the velocity on the symmetric aerofoil. The velocity midway between two nodes on the boundary can then be approximated by using the formula
Process of Discretization
Now for the discretization of the boundary of the Joukowski aerofoil, the coordinates of the extreme points of the boundary elements can be generated within computer programme using Fortran language as follows:
Divide the boundary of the circular cylinder into m elements in the clockwise direction by using the formula. 
Conclusion
We calculate the steady and inviscid compressible flow past a Joukowski aerofoil using DBEM with constant element approach. The calculated flow velocities obtained using this method is compared with the analytical solutions for flow over the boundary of a Joukowski aerofoil. It is found that from tables and graphs, the computed results obtained by this method are good in agreement with the analytical ones for the body under consideration and the accuracy of the result increases due to increase of number of boundary elements.
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